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Alcohol use disorders (AUDs) are major health issues with few known genetic explanations. 
This project used the fruit fly (Drosophila melanogaster) model to identify genes and gene 
networks that influence alcohol intoxication, a phenotype related to alcohol abuse in humans. 
We used bioinformatic tools to build gene networks based on 24 published Drosophila 
ethanol-responsive genes with human orthologs. We then assessed the role of these networks 
in ethanol sedation by testing two of the networks seeded on IP3K2, a gene that regulates 
calcium signaling, and CG14630, a gene involved in carnitine biosynthesis. We knocked 
down several genes in each of the networks using RNAi and tested the knockdown flies in a 
behavioral assay for ethanol sedation. Nervous system RNAi expression against 7 of 20 
genes in the IP3K2 network and 4 of 30 genes in the CG14630 network significantly affected 
the sensitivity of flies to ethanol. To determine whether the hit rates in these two networks 
were greater than would be expected by random chance alone, we also assessed the effects of 
nervous system RNAi targeting a random set of fly genes. Unexpectedly, the fraction of 
randomly selected genes that affected ethanol sensitivity in a primary screen was comparable 
to or even larger than that from bioinformatically-derived gene networks. Our data are 
consistent with two possibilities that are not mutually exclusive. One possibility is that there 
	  	   x	  
are a very large number of genes that impact ethanol sedation and our bioinformatic analyses 
did not substantially enrich for these genes. A second possibility is that expression of RNAi 
could influence ethanol sedation independent of target gene knock-down. These two 
possibilities will be examined in future experiments. 
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CHAPTER 1: INTRODUCTION 
A. ALCOHOL AND ALCOHOL USE DISORDERS 
          Alcohol-use disorders (AUDs) include alcohol abuse, alcoholic liver disease and 
alcohol-induced pancreatitis (Rehm et al., 2009). AUDs can also contribute to other diseases 
(Rothman et al., 2008). Globally, alcohol consumption is highest in eastern European 
countries followed by the Americas (Rehm et al., 2009). 3.8% of all net deaths globally were 
attributable to alcohol in 2004 (Rehm et al., 2009). According to The National Institute on 
Alcohol Abuse and Alcoholism (NIAAA), alcohol is the third leading preventable cause of 
death in the U. S. and the U. S. spends $224 billion each year on alcohol-related problems 
such as lost productivity, illness and property damage. Grant et al. (2004) estimated the 
prevalence of AUDs in the U.S. to be 8.5%, corresponding to more than 17 million 
Americans being affected with AUDs. The National Minimum Drinking Age Act of 1984 
increased the legal age of purchasing and publically possessing alcohol to 21 and this has 
reduced the number of fatal crashes by young drivers (The U.S. Department of 
Transportation 1999). Despite this and other advances in treating or preventing AUDs, abuse 
of alcohol remains a huge health issue with few efficacious clinical interventions. 
           An extensive literature details the direct pharmacological targets of alcohol. Alcohol 
interferes with the functioning of several vertebrate ion channels and receptors at 10-20 mM 
concentrations (Ahlenius S et al., 1973). Ethanol directly affects ligand-gated ion channels 
such as NMDA, GABAA, nACh and glycine receptors and non-ligand ion channels including 
some calcium channels and G protein-activated inwardly rectifying potassium channels 
(Spanagel, 2009). The primary affects of alcohol exposure psychotropic effects, disinhibition 
and sedation are due to binding of ethanol to its specific targets. Secondary effects such as 
alcohol reinforcement and reward is due to the effects of ethanol on monoamines, opioids and 
endocannabinoids (Spanagel, 2009). Despite a robust understanding of the mechanism of 
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action for alcohol and the finding that abuse of alcohol is a strongly heritable trait, (Prescott 
& Kendler, 1999; Schuckit et al., 2001), only a few genes have been strongly associated with 
AUDs in humans. Notable examples of genes associated with AUDs are DRD1and DRD2 
(Dopamine receptors; Batel et al., 2008; Berggren et al., 2006), GABRA2 (GABA receptor ; 
Kertes et al., 2011; Zintzaras, 2012), NPY1R and NPY5R (Neuropeptide Y receptors; 
Wetherill et al., 2008), EGF (growth factor; Agrawal et al., 2013), PDE10A, PDE4B and 
PDE4D (cAMP signaling) and RYR3 (ryanodine receptors; Joslyn et al., 2010). It is widely 
believed that one of the possible reasons that the underlying genetic mechanisms of AUDs 
have been difficult to elucidate is because ethanol binds to several molecules with low 
affinity including adenylyl cyclase and receptors for glycine, GABA and glutamate (NMDA) 
(Harris et al., 2008), as opposed to other drugs that bind to specific molecules with high 
affinity. This leads to changes in several neurochemical systems which may eventually 
contribute to AUDs (Spanagel, 2009). Another major possible reason for the difficulty in 
identifying the genetic basis of AUDs is the large number of genes involved with small effect 
sizes (Edenberg, 2013). The effect of extensive genetic and environmental interactions on 
AUDs also presumably complicates the identification of genes that play a role in their 
development.  
 
B. RATIONALE FOR USING DROSOPHILA MELANOGASTER 
          Approximately 40-60% of the risk for alcohol abuse is heritable as estimated by 
familial, twin and adoption studies (Prescott & Kendler, 1999; Schuckit et al., 2001). Few 
genes, however, have been unambiguously associated with AUDs. Genetic model organisms 
are useful tools for identifying genes that play roles in behavioral response to ethanol and 
therefore could ultimately help elucidate genetic mechanisms that drive AUDs in humans.  
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          Animal models are used because it is very difficult and costly to conduct several 
human studies to determine the short- and long-term effects of ethanol whereas it is easier to 
investigate the underlying molecular, genetic and neuronal mechanisms in animal models. 
One of the major advantages of using animal models is that the environment can be 
controlled and hence precise genetic contribution to the disorder can be studied. 
          Many cellular, molecular and developmental processes are conserved between flies and 
mammals (Devineni & Heberlein, 2013). Flies are very easy and inexpensive animal models 
to use. They have a life cycle of ~10 days which makes studying several generations in a 
short period of time possible. A single female can produce hundreds of progeny allowing 
studies to be carried out on larger sample sizes. Since they are relatively small compared to 
mouse and fish models, several hundreds of genotypes can be maintained in a confined space.  
          The fly genome was sequenced in 2000 (Adams et al., 2000) and contains 
approximately 13,500 protein coding genes out of which ~66% have human orthologs. 
Approximately 75% of genes associated with human diseases have obvious orthologs in flies 
(Chien et al., 2002). Thus, there is excellent conservation of gene content between flies and 
humans, although by no means is this conservation perfect.  
          Drosophila has been used as an animal model for more than a hundred years and hence 
very sophisticated techniques are available to carry out genetic manipulations in flies. Stock 
centers like Bloomington Drosophila Stock Center and Vienna Drosophila RNAi Center 
(VDRC) provide fly mutants and RNAi lines, respectively, that in principle allows an 
experimenter to manipulate any gene of interest and study its role. These stock centers have 
mutants and RNAis for at least 90% of all the genes in the fly genome. Additional techniques 
allow temporal and spatial control of RNAi expression. Thus, genes can be knocked-down in 
a particular tissue at a particular time point. Temperature-sensitive silencing of a subset of 
neurons can also be carried out in flies (Kitamoto, 2000). In our lab we use the Gal4-UAS 
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bipartite transgenic system driven by the elav promoter that drives expression of UAS-RNAi 
transgenes in the nervous system of flies (Brand & Perrimon, 1993), thereby knocking-down 
expression of genes of interest in the nervous system of flies. 
          FlyBase is a bioinformatics database of Drosophila genes and genomes. It presents a 
wide range of data for the Drosophila species. For any Drosophila gene FlyBase provides the 
following information: Name, Annotation ID, Genomic Location, Molecular Function (based 
on prediction or experimental evidence), Gene Ontology, Summaries of Physical and Genetic 
Interactions, FlyAtlas Anatomy Microarray, Stocks and Reagents, Mutants available for that 
particular gene, Expression pattern throughout development and an entire range of data 
regarding that gene. Flybase also contains links to external databases such as DroID, 
BioGrid, InterLog Finder and DPiM that provide lists of genes that interact with the gene of 
interest. 
 
C. FLIES AND ALCOHOL 
          One of the natural habitats of flies is rotting or fermenting fruits which can contain up 
to 5% of ethanol (Gibson et al., 1981). Flies exposed to 5% ethanol during embryonic, larval 
and pupal stages have been reported to have delayed development and decreased survival 
(McClure et al., 2011). Flies can use ethanol as a substrate for lipid synthesis or as a source of 
metabolic energy (Dalyand & Clarke, 1981; Geer et al., 1985). Xu et al. (2012) determined 
that survivorship of flies is greater when grown on agar with a low concentration of ethanol 
than flies grown only on agar, confirming that flies can use ethanol as a food source. The low 
concentration of ethanol, however, was not able to increase survivorship of flies as much as 
isocaloric concentration of sucrose, suggesting that flies are unable to utilize the calories in 
ethanol efficiently.  
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          There are several assays that have been developed to measure the sensitivity of flies to 
ethanol exposure. The inebriometer was one of the first apparatus used to measure the time 
required for flies to become intoxicated (Cohan & Graf, 1985). The line crossing assay 
(Singh & Heberlein, 2000), the eRING assay (Bhandari et al., 2009), the loss-of-righting 
reflex (LORR) (Corl et al., 2009; Rothenfluh et al., 2006) and filming flies during ethanol 
exposure (Wolf et al., 2002) are some additional assays used to measure effects on ethanol on 
locomotor activity and sedation. Our lab uses the sedation assay (SA) to determine the 
sensitivity of flies to ethanol. In the SA we score the number of sedated flies during alcohol 
exposure and calculate the time at which 50% of the flies are sedated (ST50). The ST50 is 
used as a measure of ethanol sensitivity in flies. Higher the ST50, the flies are resistant to  
ethanol and vice-versa. 
          Like in mammals, adult flies also have a biphasic response to ethanol exposure 
(Pohorecky, 1977). Hyperactivity is observed at low doses of ethanol and with increasing 
dosage the flies get sedated. Ethanol exposure can lead to long-term changes in the nervous 
system leading to tolerance, sensitization and withdrawal. Flies exhibit 2 types of tolerance, 
rapid and chronic tolerance (Berger et al., 2004). Ghezzi et al, (2012) have modeled 
withdrawal seizures in flies similar to mammals. Thus flies and mammals exhibit many of the 
same behavioral responses to ethanol, suggesting that the genetic bases for their responses to 
the drug are likely conserved. 
          Several genes that affect the response to ethanol in flies have been implicated in human 
AUDs and in rodent models of alcohol-related behavior. Hangover mutants greatly reduced 
rapid tolerance in flies (Scholz et al., 2005) and its human ortholog, ZNF699, was associated 
with alcohol dependence in the Irish Affected Sib Pair Study of Alcohol Dependence 
(IASPSAD) sample (Riley et al., 2006). Neuropeptide F (NPF), the fly ortholog of human 
neuropeptide Y (NPY), plays a role in ethanol-induced sedation (Wen et al., 2005). 
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Overexpression of NPF caused sensitivity while ablating the neurons producing NPF caused 
resistance to ethanol-induced sedation. Similarly, mice with knock-down of NPY displayed 
increased resistance while overexpressing NPY displayed increased sensitivity to ethanol 
sedation (Thiele et al., 1998). The GABAB receptor is structurally conserved in flies and 
vertebrates. It is involved in ethanol-mediated behavior in vertebrates (Maccioni & Colombo, 
2009) and ethanol sedation in flies (Dzitoyeva et al., 2003). Also, there is some evidence of 
variants in the GABRA2 gene being associated with alcoholism in humans (Zintzaras, 2012) . 
These and other published examples confirm that many genetic mechanisms that influence 
ethanol-related behavior are conserved in Drosophila model and mammals, including 
humans. 
D. ERGs and NETWORKS 
          The introduction of microarray technique allowed genome-wide assessment of gene 
expression to be performed. Several studies analyzed changes in gene expression levels 
during and after ethanol exposures. This approach allowed identification of large numbers of 
genes whose expression levels change in response to ethanol exposure. These genes can in 
principle be quickly screened using flies from stock centers for a behavioral ethanol 
phenotype (Rodan & Rothenfluh, 2010), although one must always control for genetic 
background in well-conceived studies in flies. 
          My project used information from three published microarray studies in flies: 
Morozova et al. (2006), Urizar et al. (2007) and Kong et al. (2010) (my hypotheses, 
approaches and anticipated results are described Chapter 1 Part F – Project Overview starting 
on page 9). Morozova et al. (2006) determined genome-wide changes in gene expression 
levels in flies that were not exposed to ethanol, exposed to a single dose of ethanol and flies 
that were exposed to ethanol twice with a 2 hour gap between the first and second exposures. 
They identified 582 significant probe sets, 535 genes, and categorized them as follows: 
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Acutely Up/Down Regulated, Slowly Up/Down Regulated and Transiently Up/Down 
Regulated. Urizar et al. (2007) performed microarray experiments after a single exposure of 
ethanol, a second exposure after two hours and then after multiple exposures of ethanol, to 
determine genes involved in acute, rapid and chronic tolerance respectively. They identified 
647 genes whose mRNA expression levels were significantly altered by ethanol exposure (p 
< 0.001). 153 out of these 647 genes have a known biological function. Kong et al. (2010) 
exposed flies for 30 minutes to vapor from 60% ethanol. They tested sample flies before, 
after and at 6 time points after the ethanol exposure for significant changes in gene 
expression. Expression levels of 1807 genes were significantly different with a p < 0.05 and 
that of 737 genes was significantly different with a p < 0.01. 
          Only 14% of ethanol-regulated transcripts were found common in at least two of the 
three studies (Rodan & Rothenfluh, 2010). According to Kong et al. (2010) 29 genes were 
found to be ethanol-regulated in all three studies (Table 10) and from those 29 genes 25 were 
regulated in the same direction. Within those 25 genes, 3 are involved in serine biosynthesis 
and 12 are annotated to be involved in metabolic and biosynthesis processes. Some of the 
gene ontology annotations were over-represented in all the three studies like transcription 
factors, regulators of signal transduction and metabolic enzymes (Rodan & Rothenfluh, 
2010). Urizar et al. (2007) also saw a decrease in expression of structural proteins like actin 
and myosin post ethanol exposure. 
          Though microarray captures genome-wide changes in gene expression levels, there are 
a few limitations to this approach. Firstly transcripts that have low expression levels as 
compared to those that have high expression levels are not captured using microarrays. This 
could lead loss of capturing changes in expression levels of genes that are only transcribed in 
a small set of cells or changes in expression levels of genes that are transcribed globally but 
at very low levels. This could be the reason why genes encoding neurotransmitter systems, 
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which are alcohol-responsive, did not get captured in any of the three studies. Secondly 
another limitation of microarray technique is its inability to measure post-translational 
modification or any other molecular events unrelated to changes in mRNA levels (Luo & 
Geschwind, 2001). 
 
E. BIOINFORMATIC TOOLS 
          There are several freely available bioinformatic tools online to perform a wide range of 
analyses from finding gene orthologs to performing gene ontology analyses on sets of genes. 
To construct the multi-species interaction gene networks we used g:Profiler, GeneWeaver, 
GeneMania and FlyBase. Using g:Profiler one can find the human, mouse and worm 
orthologs of each fly gene (Reimand et al., 2007). GeneMania is another web-based tool 
where one can upload a set of genes and it will derive genes known or predicted to 
functionally associate with the genes in the uploaded list based on available proteomics and 
genomics data (Mostafavi et al., 2008). The data sets used by GeneMania are BioGRID, 
Pathway Commons, GEO and I2D, as well as organism-specific functional genomics data 
sets (Warde-Farley et al., 2010). Another feature of GeneMania is that after uploading the list 
of genes the user can select the data sets that they would like to query. Users can also upload 
their own list of genes and GeneMania will draw up a network with that list. Using these 
tools we generated multi-species interaction gene networks to capture genes functionally-
related to our central genes of interest. Using GeneMania and g:Profiler we can derive 
interactions with each of the commonly regulated genes in humans, mouse and worm. 
          Our approach pooled genes known and predicted to interact with our central genes of 
interest  from studies in worms, flies, mice and humans. We predicted that this approach 
would capture and compile important alcohol-relevant genetic information from several 
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different species, thereby enriching the resulting gene networks for loci that influence 
ethanol-related behavior. 
 
F. PROJECT OVERVIEW  
 
          We hypothesized that using the genes whose expression levels changed in response to 
ethanol exposure in all the three Drosophila studies described above (Kong et al., 2010; 
Morozova, Anholt, & Mackay, 2006; Urizar et al., 2007) and building multi-species 
interaction gene networks centered on each of those genes that has at least one human 
ortholog would help us identify genes that play a role in ethanol sedation. To address this 
hypothesis we developed the following specific aims: 
A. Continuing optimization of the sedation assay for ethanol sedation. 
B. Deriving and characterizing multi-species interaction gene networks. 
C. Testing two networks, centered on genes IP3K2 and CG14630 networks, for roles in 
ethanol sedation 
D. Assessing the utility of deriving these networks by assessing the role of a random set 
of fly genes in ethanol sedation.  
 
          Our predictions from Aims A and B were simply that we would be able to optimize the 
behavioral assay somewhat and we would be able to generate the multi-species interaction 
gene networks required for the analyses planned in the subsequent Aims. We were successful 
with these studies in Aims A and B as anticipated. Regarding Aims C and D, we anticipated 
that the IP3K2 and CG14630 networks would have many genes that influence ethanol 
sedation and that these two networks would be enriched for such genes relative to the random 
set of genes. While the IP3K2 and CG14630 networks both had several genes that influenced 
ethanol sedation, there were a surprisingly large and approximately comparable number of 
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genes for ethanol sedation in the random set. Our data are consistent with two possibilities 
that are not mutually exclusive: there are either a very large number of genes that impact 
ethanol sedation or expression of RNAi could influence ethanol sedation independent of 
target gene knock-down. These two possibilities will be addressed in future experiments.
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CHAPTER 2: MATERIALS AND METHODS 
 
 
A. FLY STOCKS AND HUSBANDRY  
          Flies were grown on food medium containing 10% sucrose, 3.3% cornmeal, 2% yeast, 
1% agar, active dry yeast, 0.2% Tegosept and antibiotics (0.1 µg Tetracycline, 0.5 µg 
Ampicillin and 0.625 µg Chloramphenicol per 10ml of food). Fly stocks were maintained in a 
fly chamber at 25° C, relative humidity 60%, with a 12 hour light/dark cycle. Fly strains used 
are w1118 (referred to as w[A]) and elev-Gal4 driver. They were obtained from Drosophila 
Stock Center, Bloomington, IN, USA. A genetic background strain w[VDRC] and flies with 
UAS-RNAi for knock down of each gene in the IP3K2 network, CG14630 network and the 
Random Set were ordered from the Vienna Drosophila RNAi Center, Austria.  
 
B. SEDATION ASSAY (SA) FOR ETHANOL SENSITIVITY AND RAPID TOLERANCE 
          Adult flies for each genotype were collected in different vials containing food. 2-5 days 
old female flies were collected, unless specified (11 flies/vial), by anaesthetizing them using 
CO2. All the flies compared in SA are grown in parallel and tested on the same day. The flies 
were allowed to recover overnight from the anesthesia in the fly chamber. Each vial for a 
particular genotype, containing 11 female flies, represents n = 1. The SAs were performed in 
a testing room maintained at 23-25° C, relative humidity 50-55% under standard laboratory 
lighting. Next day, the flies are transferred directly into empty vials (without the use of CO2) 
and stoppered with flugs that are inserted 2 cm into each vial. For each genotype n = 4 within 
a single experiment. Vials were arranged in 5 rows of 4 vials each, each row being of a 
different genotype. The number of dead/inactive flies is recorded at t=0. Starting from the 
first row of flies, in each vial 1 ml of 85% ethanol was added at 5-second intervals to the flug. 
The vial was quickly sealed with a silicon stopper. At t = 1 minute, the same procedure was 
repeated on the second row of vials. After adding ethanol to all the vials, at t = 5 minutes and 
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continuing at 5 minute intervals the vial was tapped 3 times on the table and the number of 
immobile flies or flies that have lost the ability to right themselves (sedated flies) was 
recorded 30 seconds after the third tap. SAs terminated at t = 60 minutes or when all the flies 
were fully sedated, whichever was earlier. Percentage of non-sedated flies was calculated for 
each time points. Sedation Time 50 (ST50) values are interpolated from 3rd order polynomial 
curve fits using Excel. Rapid tolerance was determined by performing two SAs on the same 
set of flies with a four-hour gap between the first ethanol exposure (E) and a second ethanol 
exposure (EE). After the first ethanol exposure, the flies were allowed to recover in the fly 
chamber. The ratio of ST50EE to ST50E is the rapid tolerance (A. A. Awofala et al., 2011; 
Berger et al., 2004; H Scholz et al., 2000; H Scholz et al., 2005) . 
 
C. INTERNAL ETHANOL IN FLIES 
          As previously described (Bhandari et al., 2009), internal ethanol was determined in 
flies exposed to 1ml of 85% ethanol in SAs. The time and number of exposures to ethanol is 
indicated in the figure legend for each experiment. 
 
D. ETHANOL IN FLUGS 
          SA was performed without flies in empty vials with 1 ml and 2 ml ethanol and 1 ml of 
water in the flug. After completion of the SA (t = 60 minutes), bottom 2 mm of the flug from 
each vial was cut using a blade and weighed twice, once immediately and once the next day 
to allow the ethanol to evaporate if it had percolated to the bottom part of the flug. The 
difference in the weight measured at the two time points was used to determine the amount of 
ethanol that percolates to the bottom of the flug when different volumes are added to it. 
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E. GENERATION OF MULTI-SPECIES GENE NETWORKS 
          Overlap of Ethanol Responsive Genes (ERGs) from three independent fly studies was  
obtained using Excel. Direct human orthologs for each of these genes was obtained using 
g:Profiler (Reimand et al., 2007). Out of 43 fly genes from the initial overlap only 25 had 
direct human orthologs. These 25 ethanol responsive fly genes were used as seed genes to 
derive the networks. Its seed gene names each network. FlyBase (a database for Drosophila 
genes and genomes) was used to obtain all predicted and known, genetic and protein 
interactions of different genes with the seed gene. This list was entered into GeneMania to 
obtain other related genes. GeneMania uses a large set of functional associated data 
(Mostafavi et al., 2008). Next, all the above fly genes interacting with the seed gene were 
converted to human, mouse and worm orthologs. That list was uploaded to GeneMania and 
other interactors for each species with the ortholog of that seed gene were obtained. For all 
the three species, the interactors were converted to fly orthologs using g:Profiler and 
combined into one list, which is filtered for duplicate genes. This final list of fly genes 
captures human, mouse and worm genes predicted to interact with the seed gene. It is 
uploaded to GeneMania, which forms a Multi Species Gene Network. This method was used 
to derive 24 networks. One of the seed genes was involved in DNA binding and hence 
interacted with a wide range of other genes and proteins that exceeded the capacity of 
GeneMania.  
 
F. GENERATION OF A RANDOM SET OF FLY GENES 
          All known fly genes were downloaded from FlyBase. Each fly gene was assigned a 
random number in Microsoft Excel and ranked based on that number. In total there were 
16631 transcription units. The top 200 fly genes were selected. This procedure was repeated 
9 times to obtain 10 sets of 200 randomized fly genes. Randomly 1 set was selected. Genes 
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from this set that had a human ortholog and at least 2 RNAis available to knock-down their 
expression in flies were selected. 40 genes meeting this criteria constituted the random set. 
We ordered up to two RNAis for each gene and tested the 64 RNAis that were delivered first 
by VDRC. Since the IP3K2 and CG14630 networks that I tested had 43 and 57 RNAis 
respectively, we decided to stop after testing 64 RNAis from the random set and compare the 
results. 
 
G. RNAi BASED SCREENING FOR ETHANOL SEDATION IN FLIES 
          Flies strains with UAS-RNAi for knock down of a subset of genes from the IP3K2 
network and CG14630 network were ordered from the Vienna Drosophila RNAi Center, 
Austria. The UAS-RNAi flies were crossed to elev-Gal4 flies, which allow transcription of 
the RNAi in the nervous system of the fly knocking down a particular gene. Two sets of 
control strains were generated. One by crossing the w[A] to UAS-RNAi/+ strain (referred to 
as the RNAi control) and second one by crossing w[VDRC] to the elev-Gal4/+ strain 
(referred to as the elev-Gal4 control). In the primary screen all the RNAi strains tested for a 
10% change (increase or decrease) in ethanol sensitivity using the SA against the RNAi and 
elev-Gal4 controls. RNAi strains that had at least a 10% change in ethanol sensitivity were 
selected for a second round of testing. Data from the primary and secondary screen were 
combined and then analyzed statistically using one-way ANOVA and Bonferroni’s multiple 
comparison  
 
H. STATISTICAL ANALYSES 
Goodness of fit for 3rd order polynomials on SA time course data was used. Correlations, 
t-tests and ANOVAs with post hoc analysis were performed in Prism 4.03, GraphPad 
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CHAPTER 3: RESULTS AND CONCLUSIONS 
 
A. CONTINUING OPTIMIZATION OF BEHAVIORAL ASSAY 
          Our laboratory uses the Sedation Assay (SA) to test the sensitivity of flies to ethanol. 
Sedation Time 50, ST50, is the time at which 50% of the flies in each vial are sedated. In our 
original studies, 2 ml of ethanol (0-100%) was added to the flug and as the concentration of 
ethanol increased the time course for all the flies in each vial to get sedated decreased. The 
amount of internal ethanol also increases with increasing ethanol concentrations, confirming 
that sedation in the SA is dose-dependent (Chan et al., 2014, in press). 
          Recently, the manufacturer that supplied empty vials to the laboratory changed. When 
2 ml of ethanol was added to the flugs in the vials, it caused the flugs to slide down slowly 
during the course of the assay. My aim was to determine what volume of ethanol in the flugs, 
would sedate flies, but would not cause the flugs to slide down. To this end, I performed 
mock SAs without flies using different volumes of 50% ethanol (data not shown). I found 
that with 1 ml of ethanol the flugs did not slide down in the vial during a 30-minute mock 
SA. My next step was to determine what concentration of 1 ml of ethanol would sedate flies 
in a workable time-frame with the additional goals of identifying a concentration that would 
have comparable sedation and tolerance effects to 2 ml of 50% ethanol. SAs were performed 
on control female w[A] flies with 70-100% of ethanol (Figure 1A). The average ST50 for 
flies exposed to 80% and 90% of ethanol was ~40 and 25 minutes, respectively. I performed 
another set of SAs with a narrower range of ethanol concentrations and found that w[A] 
female flies had a ST50 value of ~25 minutes when tested with 1 ml of 85% ethanol (Figure 
1B). This ST50 value was comparable to that with 2 ml of 50% ethanol (ST50 27-29 
minutes). I then performed a rapid tolerance experiment with 1 ml of 85% ethanol (Figure 
1C) and found that during a second exposure (EE) the flies were 23% more resistant to the 
sedation effects of ethanol vapor as compared to that of the first exposure (E). The sedative 
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effects of 1 ml of 85% ethanol in the flug were therefore comparable to that of 2 ml of 50% 
ethanol (Chan et al., 2014, in press). 
          To determine if the ethanol was reaching the bottom of the flug (and therefore 
providing flies with an opportunity to ingest alcohol), I performed a mock SA without flies 
using 1 or 2 ml of ethanol (Figure 1E). In SAs performed using 1 ml of 85% ethanol, little or 
no ethanol solution reached the bottom of the flug where as approximately 0.25 ml of ethanol 
solution reached the bottom 2 mm of the flugs in vials using 2 ml of 85% ethanol (Figure 
1E). Thus in studies using 1 ml of ethanol, flies are presumably exposed to ethanol vapor and 
not liquid ethanol, making use of this volume of ethanol a simpler design. For all other SAs 
in my thesis, 1 ml of 85% ethanol was used to sedate the flies unless specified otherwise. 
 
SUMMARY 
        We determined that with 1 ml of 85% ethanol 50% of the flies were sedated in ~25-26 
minutes. This ST50 value was comparable to that with studies using 2 ml of 50% ethanol 
(ST50 27.49 minutes). Additionally exposure to 1 ml of 85% ethanol mode flies 23% less 
sensitive to the second exposure of ethanol, again roughly comparable to that with 2 ml of 
50% ethanol. We also investigated whether the ethanol was reaching the bottom of the flug 
and found that with 1 ml of ethanol, the flies were largely being exposed to ethanol vapor. 
These studies, although small in scope, provide a solid rationale for using 1 ml of ethanol in 
my subsequent studies. 
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A.                                                                            B. 
 
C.                                                                               D. 




FIGURE 1: Optimization of Behavioral Assay: A. SAs performed with different concentrations of 
1 ml of ethanol. (A. One-way ANOVA, p < 0.0001, Bonferroni’s for comparisons between *80%- 
90% and *80%-100% p < 0.05) B. 1 ml of 85% of ethanol sedates 50% of flies at 25.88 minutes 
(One-way ANOVA p < 0.0001, Bonferroni’s for comparisons with 82.5% p< 0.05). C. Rapid 
Tolerance Assay ST50 after first ethanol exposure (E) 25.4 minutes, ST50 after second ethanol 
exposure (EE) is 30.95 minutes. D. Rapid tolerance ratio is 1.23 indicating that flies are 23% more 
resistant during the second ethanol exposure. E. Experiment indicating the volume in the bottom 2 
mm of the flug immediately after the SA (Day1) (One-way ANOVA p < 0.0001, n=4, Tukey’s 
multiple comparison test, * 2 ml versus other groups p < 0.05). In all the experiments w[A] female 
flies were tested.   
E. 
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B. MULTI-SPECIES INTERACTION GENE NETWORKS  
 i. DERIVATION OF MULTI-SPECIES INTERACTION GENE NETWORKS 
             Previously, three independent ethanol-induced gene expression studies were carried out 
by Morozova et al. (2006), Urizar et al. (2007) and Kong et al. (2010). These studies 
investigated changes in gene expression in Drosophila after single or multiple alcohol 
exposures. Morozova et al. (2006) identified 582 significant probe sets, 535 genes, out of 
18,769 probe sets, Urizar et al. (2007) identified 647 genes out of 14,000 genes with 
significant changes in mRNA expression and Kong et al. (2010) identified 737 genes that were 
most significantly regulated by ethanol exposure. We used GeneWeaver (Baker et al. 2012) to 
combine the data from all three studies and identify the 43 genes that changed in response to 
ethanol (Figure 2). By random chance we would expect 1-2 genes to overlap. This was 
calculated by taking the total number of genes whose expression levels changed significantly 
post ethanol exposure in the three studies, dividing each number by total number of fly genes 
i.e. ~13,500 and multiplying it by 13500. We get ~ 20 times the number of genes that we 




FIGURE 2: Venn 
diagram representing 
the overlap of 43 genes 
from three independent 
fly studies performed 
by Morozova et al. 
(2006), Urizar et al. 
(2007) and Kong et al. 
(2010) and the fly 
strain they used. 	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          Next, we used g:Profiler (Reimand et al., 2007) to find the human orthologs of these 
43 genes. Twenty-five of the 43 fly genes have at least one predicted human ortholog (Table 
1). We used these 25 fly genes as seed genes to build multi-species gene networks using 
freely available online bioinformatic tools. We used GeneMania (Mostafavi et al., 2008) 
and FlyBase (www.flybase.org) to compile genes predicted or known to interact with the 
seed gene itself. To convert fly genes to corresponding human, mouse and worm orthologs 
and vice-versa we used g:profiler. After compiling the human, mouse, worm and fly genes 
that interact with our seed gene, we uploaded the list to GeneMania, which outputs a 
network displaying interactions of all the genes with the seed gene (Figure 3). The detailed 
procedure is described in the appendix. The networks were named after the gene used to 
seed them. Each network consists of fly genes, fly orthologs of human, mouse and worm 
genes that interact with the seed gene or human, mouse and worm ortholog of the seed gene 
respectively. These networks capture known and predicted, genetic and protein, co-
expression and co-localization interactions from worm, mouse, flies and humans. 
 
SUMARRY 
          We overlapped ethanol responsive gene data sets from three independent fly studies 
carried out by Morozova et al (2006), Urizar et al. (2007) and Kong et al. (2008) using 
GeneWeaver. From the 43 genes that were ethanol-responsive in all three studies, 25 had 
human orthologs identified by g:Profiler. Each of the 25 genes was used as a seed gene to 
derive multi-species interaction gene networks. We were able to derive 24 networks, none 
of which were over-represented for the seed genes themselves (data not shown), and test 
two of them for their role in ethanol sensitivity. We were unable to build a network around 
the Hmgz seed gene because it is predicted to interact with a very large number of other 
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genes thereby making the resulting network prohibitively large for the planned behavioral-
genetic studies in the following chapters. 
 
  
FLY GENE HUMAN ORTHOLOGS 
MEN ME1, ME2, ME3 




NMDMC MTHFD2L, MTHFD2 
SODH-1 SORD 
CYP6W1 CYP3A7, CYP3A4, TBXAS1, CYP3A43, CYP3A5 
PEPCK PCK1, PCK2 
CG3011 SHMT1, SHMT2 
PGD PGD 
CG1443 FAR1, FAR2 
CG4797 SLC2A6, SLC2A8 
CYP4AC1 CYP4F12, CYP4F3, CYP4F11, CYP4F2, CYP4F22 
CYP6A20 CYP46A1 
CG33110 ELOVL1, ELOVL7 
IP3K2 ITPKA, ITPKB, ITPKC 
CG7656 UBE2R2, CDC34 
KRAKEN SERHL2 
CP1 CTSL1, CTSL2, CTSS, CTSK 
CG14630 BBOX1 
TANGO13 TPST1, TPST2 
RFABG* APOB, LOC400499 
CG6675* PLA1A, PNLIPRP1, PNLIPRP2, PNLIP, LIPI, LIPH 
HMGZ* SSRP1, HMGB1, HMGB2, HMGB3, TOX, TOX2, TOX3, TOX4 
 
TABLE 1: List of 25 fly genes consistently regulated by ethanol with their respective human 
orthologs. g:Profiler (Reimand et al., 2007) was used to find the human orthologs. * indicates that 
data were  initially available from g:Profiler in the fall of 2012, but then were unavailable in the 
spring of 2014 for reasons that are not clear. Data has been collected from Drosophila RNAi 
Screening Center website for those genes. 
 
  







FIGURE 3: Representative data output from GeneMania, the CG14630 Network: Output from 
GeneMania (Mostafavi et al., 2008). The seed gene CG14630 is in the center. Predicted/known 
interactions are indicated by lines connecting individual genes (circles). The genes in black circles are 
the list of genes that directly interact with the seed gene. 
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     ii. CHARACTERIZATION OF MULTI-SPECIES INTERACTION GENE NETWORKS  
            The number of genes in each network ranged from 16 in the CG9119 network to 442 
in the CP1 network. To begin to understand the origin of genes within each network, we 
compiled descriptive data from four networks, 2 that were tested by RNAi (IP3K2 and 
CG14630, see below) and 2 chosen largely at random (SODH-1 and NMDMC). Specifically 
we tabulated the interacting genes as coming from studies in human, mouse, worm or fly 
and types of interactions (physical, co-localization, co-expression, shared protein domain, 
genetic, predicted, other) that led to their inclusion in the networks (Figure 4). Note that 
when we tried to extract information from FlyBase.org about the types of interactions each 
fly gene had with the seed gene, we were unsuccessful in some cases because the FlyBase 
curators had withdrawn that information for reasons that are unclear. Hence those 
interactions are grouped simply as FlyBase (Figure 4D). Though most of the interactions 
with the seed gene were yeast two-hybrid and protein-protein interactions with the seed 
gene.  
          The networks, on an average, consisted of 68%, 13%, 14% and 6% interactors from 
flies, humans, mice and worms, respectively (Figure 4C). Most of the genes in these four 
networks are therefore coming from the fly and the least amount of genes is coming from 
the worm. Also approximately the same number of genes is being captured from humans 
and mouse in each of these four networks. If an interacting gene was present in more than 
one of the model organisms we counted it separately for each organism. When we 
characterized the networks based on the types of interaction with the seed gene, interactions 
grouped as FlyBase was highest across all four networks and this was due to the fact that 
the information on interactors from FlyBase had been withdrawn. In the IP3K2 network 
most of the interactions between the genes in the network with the seed gene were physical 
while genetic interactions were the least. In the CG14630 network most of the interactions 
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between the genes in the network with the seed gene were predicted while interaction 
groups co-localization, co-expression and others were the least. In the SODH-1 network 
most of the interactions between the genes in the network with the seed gene were predicted 
while co-localization and physical interactions were the least.  In the NMDMC network 
most of the interactions between the genes in the network with the seed gene were predicted 
while co-expression and other interactions were the least. Amongst physical, co-
localization, co-expression, shared protein domain, genetic, predicted and other types of 
interactions with the seed gene, the number of each type of interaction varied across all the 
four networks (Figure 4D). Compilation of data from the remaining 20 networks is 
necessary to know if they have similar data origins. 
            We analyzed the networks in several ways to rank them. First, we assessed the 
overlap between the genes in each network and each of the three original ERG data sets from 
the fly studies carried out by Morozova et al. (2006), Urizar et al. (2007) and Kong et al. 
(2010). Second, we converted all the fly genes in each network to mouse orthologs and 
determined which of the genes had a score of 6 or above in Dr. Miles meta-analyses data set 
(Dr. Miles, personal communication). The Miles meta-analysis data set was a relatively 
ranked list of mouse genes based on the weighted integration of information from several 
primary sets of genes that affected acute ethanol behavior in flies and worms and ethanol-
responsive gene (microarray) data from monkeys and mice. Within the meta-analysis data 
set, 494 (2.5%) out of relatively ranked 19,644 genes had a score of ≥ 6 indicating that they 
were implicated in ethanol-related behavior by several different studies. Third, we converted 
the genes in each network to their worm orthologs and then assessed the overlap between the 
network genes and worm ERGs after a 2 hour ethanol exposure of wild-type worms (N2) and 
of the rapid acute functional tolerance mutant npr-1 (Dr. Bettinger, personal communication). 
Each network was ranked from 1-24 depending on the percentage overlap for each 
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comparison, 1 indicating highest percent of overlap and 24 indicating the least percent of 
overlap. Finally, the networks were ranked based on the summation of ranks for each 
comparison, the lowest score indicating the highest final rank (Table 2).  Based on these 




          As a starting point for interrogating a trend in the networks with respect to the amount 
of information captured by GeneMania and FlyBase from each species (human, mouse, worm 
and fly) and the type of interaction each gene within the network has with the seed gene 
(physical, co-expression, co-localization, shared protein domains, genetic, predicted and 
others) individually, we characterized four networks, (IP3K2, CG14630, SODH-1 and 
NMDMC networks). Within each of the 4 networks, percentage of fly genes contribution to 
the network was the greatest followed by an approximately equal contribution of genes from 
mouse and humans and least information from worm. If	   the	   same	   gene	   is	   identified	   by	  interactions	   in	   multiple	   species,	   that	   gene	   count	   was	   divided	   across	   the	   number	   of	  organisms	   that	   shared	   it. With respect to the types of interaction with the seed gene, the 
number of each type of interaction varied across all the four networks.  
          To assess which network might be more informative than the others we compared each 
network with 5 ERG data sets (3 original fly datasets from Morozova et al., Urizar et al., 
Kong et al., 2 from worm datasets from Dr. Bettinger’s lab) and 1 large meta-analysis dataset 
from Dr. Miles lab. From these analyses we concluded that the genes in the CG14630 
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FIGURE 4: Characterization of 4 networks: A. The total number of genes in each of the 4 
networks for which data were available. B. Percent of genes contributed by Flies, Humans, Mouse 
and Worm to each of the 4 networks. C. Average of the contributions from each organism to the four 
networks. On average, the percent of genes contributed by Flies is greatest across all networks 
followed by approximately same amount of contribution from Humans and Mouse and least amount 
of information from Worms. D. Average of the types of interactions present between the genes and 
seed gene in the 4 networks. With respect to the types of interaction with the seed gene, the number of 
each type of interaction varied across all the four networks. 
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CG14630* 4 5 3 8 5 3 28 
CYP6A20 10 16 8 3 2 8 47 
CG1443 3 8 6 16 10 6 49 
RFABG 5 7 13 11 4 10 50 
CYP6W1 11 14 15 2 3 6 51 
CYP4E2 12 18 9 4 7 7 57 
PEPCK 8 1 5 17 15 13 59 
PRAT2 7 21 12 5 9 7 61 
KRAKEN 2 2 1 16 16 24 61 
SODH-1 1 9 19 10 21 2 62 
CYP4AC1 14 17 7 1 1 24 64 
TANGO13 6 3 4 23 20 12 68 
CG3011 9 23 16 13 8 4 73 
CG33110 19 20 20 6 6 9 80 
CP1 21 12 10 12 13 15 83 
AAY 13 4 17 20 19 11 84 
CG7656 18 13 18 15 14 7 85 
PGD 15 19 22 7 12 12 87 
MEN 20 10 21 9 11 16 87 
NMDMC 17 6 14 21 18 14 90 
CG6675 16 11 11 14 23 24 99 
IP3K2* 22 15 23 21 22 1 104 
CG4797 23 22 24 18 17 5 109 
CG9119 24 22 2 19 23 24 114 
 
TABLE 2: Ranking of each network based on the percentage overlap with the individual fly, 
mouse and worm datasets. * indicates the networks that have been tested. 
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C. MULTI-SPECIES INTERACTION GENE NETWORKS: ROLE IN ETHANOL SEDATION    
i. IP3K2 NETWORK 
          The IP3K2 network was the first network we selected to test for a role in ethanol 
sedation. We chose to test the IP3K2 network principally because we predicted it to be 
involved in calcium homeostasis, a process implicated in ethanol sensitivity by studies on-
going in the Grotewiel lab. Inositol 1,4,5-triphosphate kinase 2 (IP3K2/IP3Kβ) is a 
calmodulin-regulated inositol polyphosphate kinase. It phosphorylates inositol (1,4,5)-
triphosphate (IP3)	   to inositol (1,3,4,5)-tetrakisphosphate (IP4). IP3 and IP4 are important 
secondary messengers that play a vital role in regulating calcium homeostasis. IP3 mediates 
calcium entry from the endoplasmic reticulum to the cytosol while IP4 mediates calcium 
entry through the plasma membrane to the cytosol (Xia & Yang, 2005). Thus IP3K2 plays an 
important role in calcium homeostasis by maintaining a balance between IP3 and IP4 
secondary messengers in the cell. Few of the several effects calcium has on cells are 
regulating metabolic activities, regulating cell growth, long-term modification of synaptic 
efficiency, and it is even implicated in the destruction of neurons. One of the important 
functions of calcium signaling that caught our attention was altering electrical activity in 
neurons by regulating opening and closing of sodium and potassium channels and stimulating 
the release of transmitter substance (Simons, 1988). Secondly, the IP3K2 network consists of 
58 genes including 8 micro RNAs. Some of these genes play a role in calcium ion binding in 
flies like CG42683 and CG5890. Lastly fly IP3K2 has 3 human orthologs ITKP A/B/C and 
shares 37% identity to human B type ITKP, suggesting that our network in flies could be 
similar to that of humans. These were the major reasons we selected to test IP3K2 network. 
          Due to an administrative error on my part, while constructing the IP3K2 network, I did 
not add the list of fly genes interacting with IP3K2 to the list of fly orthologs of human, 
mouse and worm genes interacting with IP3K2. This gave us the appearance that the network 
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was smaller than its true size. Because of this error we ultimately tested only a sub-subset of 
the network consisting of 21 genes, all of which had human orthologs.  
          The elav-Gal4 driver was used to drive expression of the UAS-RNAi transgene in the 
nervous system of flies targeting the IP3K2 network genes in flies. Males with UAS-RNAi 
were crossed to females expressing Gal4 in their nervous system. Two sets of controls were 
used for each experiment. The elav/+ control flies that do not have the RNAi and the RNAi 
control flies that do not have the elav-Gal4 driver to drive its expression. In SAs for the 
primary screen n = 4 and for the secondary screen n = 8. 
          Out of the 21 genes, in the IP3K2 network, 14, 8 and 5 were implicated from mouse, 
human and worm interactors respectively. 44 RNAi transgenic flies were used to knock down 
the 21 genes. Out of the 44 RNAi lines, 1 RNAi line was too weak to test and 4 RNAis when 
expressed in flies, in the nervous system, were lethal. 29 RNAi lines, which knocked-down 
15 genes within the IP3K2 network, had a 10% change in the primary screen compared to the 
RNAi/+ and elav/+ control flies or were selected for retesting because another RNAi line that 
knocked down the same gene showed a phenotype. 29 RNAi lines were retested and the ones 
that were statistically different from the RNAi/+ and elav/+ controls were selected to 
determine the percent hit rate of the network. 8 RNAis when expressed in flies individually, 
targeting 7 different genes out of 20 genes tested caused a significant change in the sensitivity 
of flies to ethanol tested during the SA (Figure 5). Hence 35% of IP3K2 network genes tested 
appeared to influence ethanol sensitivity (i.e. hit rate, Table 3). Genes for which RNAi 
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SUMMARY 
          The IP3K2 network was the first network we selected to test because IP3K2 maintains 
a balance between IP3 and IP4, which are two important secondary messengers that play a 
role in calcium homeostasis. Also, several genes within the network were involved with 
calcium ion binding. After primary screening of 21 genes knocked down by 44 RNAis, 15 
genes (29 RNAi lines) were selected for secondary screening. 7 genes knocked down by 8 
RNAis showed a statistically significant change in the sensitivity of ethanol in flies. Thus the 
hit rate for the IP3K2 network was 35%. Though the knock-down of the seed gene IP3K2 
does not affect ethanol sedation in flies, knock-down of other genes predicted to be involved 
in calcium ion signaling affect ethanol sedation in flies suggesting that that calcium signaling 
might influence ethanol sedation sensitivity in Drosophila although additional experiments 
would be required to make a mechanistic connection between calcium signaling and ethanol 
sensitivity. 
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FIGURE 5: Results of Secondary Screen of the IP3K2 Network: In each graph the red colored bar 
in the center indicates the ST50 of the fly with knock-down of a gene in the nervous system. The 
black bar to the left indicates the ST50 of the RNAi control (RNAi/+) and the black bar to the right 
indicates the ST 50 of the Elav control (Elav/+). A and B. Knock-down of CG42683 by two RNAis 
(102169 and 38696) makes the flies significantly resistant as compared to the controls (A. One-way 
ANOVA, p = 0.0005, Bonferroni’s p < 0.05 B. One-way ANOVA p < 0.0001, Bonferroni’s p < 0.05) 
C. Knock-down of dx by 7795 RNAi makes the flies significantly resistant as compared to the 
controls (One-way ANOVA, p = 0.0036, Bonferroni’s p < 0.05) D. Knock-down of CG31673 by 
101618 RNAi makes the flies significantly resistant as compared to the controls (One-way ANOVA, 
p = 0.0003, Bonferroni’s p < 0.05). 
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FIGURE 6: Results of Secondary Screen of the IP3K2 Network: A. Knock-down of CG10082 by 
103749 RNAi makes the flies significantly resistant as compared to the controls (One-way ANOVA, 
p = 0.0045, Bonferroni’s p<0.05). B. Knock-down of CG5890 by 105766 RNAi makes the flies 
significantly resistant as compared to the controls (One-way ANOVA, p < 0.0001, Bonferroni’s p < 
0.05). C. Knock-down of Reg by 110156 RNAi makes the flies significantly resistant as compared to 
the controls (One-way ANOVA, p = 0.0002, Bonferroni’s p < 0.05) D. Knock-down of CG1236 by 
110779 RNAi makes the flies significantly resistant as compared to the controls (One-way ANOVA, 
p < 0.0001, Bonferroni’s p < 0.05). 
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TABLE 3: Hits from the IP3K2 network: First two columns indicate transformant IDs from VDRC 
and the gene that were knocked-down by the 8 RNAis. Third column indicates the type of interaction 
that that particular gene has with the seed gene IP3K2 and forth column indicates from which 
organism that particular interactor was derived. * indicates that information for those particular 
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ii. CG14630 NETWORK 
        There were 3 major reasons Dr. Grotewiel and I decided to test the CG14630 network 
for role in ethanol sedation. First, after ranking the 24 data sets, we observed that CG14630 
network appeared in the top 5 ranking for comparison with 5 out 6 data sets (Table 2), thus 
making it the highest ranked gene network overall by this method. 
          Second, we also provided the human orthologs of the IP3K2 and CG14630 networks to 
Dr. Dick’s laboratory. Drs. Aliev and Dick analyzed the two networks by examining possible 
associations between SNPs in the network genes and alcohol related phenotypes in the 
Collaborative Studies on Genetics of Alcoholism (COGA) samples (Dick et al., 2007, 2013). 
Collaborative Study on the Genetics of Alcoholism (COGA), funded by the NIH, is a project 
directed towards elucidating the contribution of genetics to alcoholism by collecting data 
from families in which several members have been afflicted by alcoholism. From their 
analyses, we collectively concluded that variance within the CG14630 network genes was 
potentially more significantly associated with alcohol dependence in European and African 
Americans (p=0.024, gene set analysis), than was variance in the IP3K2 network, suggesting 
that the CG14630 network might be enriched for genes that influence ethanol sensitivity. I 
note that although several individual genes appeared to be significantly associated with 
individual alcohol dependence and other phenotypes in some cases, no pattern of results 
suggesting a meaningful influence of single genes on any individual phenotype emerged from 
these association studies. 
          Third, triacylglyceride lipase, fatty acid beta-oxidation and polyunsaturated fatty acids 
all influence acute functional tolerance to ethanol in C. elegans (Bettinger et al., 2012; Dr. Jill 
Bettinger, personal communication). Based on sequence similarity, the predicted molecular 
function of CG14630 is gamma-butyrobetaine dioxygenase activity. In vertebrates, this 
enzyme is known to catalyze the production of L-carnitine from gamma-butyrobetaine, which 
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is the final step of carnitine biosynthesis pathway. Carnitine plays a major role in 
transportation of the acyl groups of activated fatty acids across the mitochondrial membrane 
for beta-oxidation, which leads to the formation of Acetyl CoA. Acetyl CoA is further 
channeled through the citric acid cycle to produce energy. CG14630 has a direct human 
ortholog BBOX1 that codes for gamma-butyrobetaine dioxygenase. 
                    The CG14630 network contains 47 genes including 4 microRNAs. 77.11%, 
10%, 10.45% and 2.18% of the network are derived from fly, humans, mouse and worm 
interactors respectively. For 5 of the genes (ttk, chro, CG13133, CG10973 and beaf-32) we 
were unable to re-extract the original data, as it was not available from FlyBase or 
GeneMania. Several genes within the CG14630 network are predicted to be associated with 
fatty acid metabolism, either directly or indirectly. CG17691 has been predicted to have 3-
methyl-2-oxobutanoate dehydrogenase activity. Based on sequence similarity, it is predicted 
to be involved in fatty-acyl-CoA biosynthetic process. CG5321, CG10814 and CG4335, like 
CG14630, have been predicted to have gamma-butyrobetaine dioxygenase activity. The 
network also includes genes that code for kinases (rl, CG43143), positive regulator of 
transcription (sens), proteins predicted to have endopeptidase activity (Rpt1, Rho-7, Reg), 
DNA binding proteins (mip120, mip130, Med) and heat shock proteins (Hsp22, Hsp23, 
Hsp27).  
          To test this network in ethanol sedation, we ordered transgenic RNAi flies to knock 
down expression of those genes that had human orthologs and had known or predicted 
molecular function that were of our interest. The elav-Gal4 driver was used to drive 
expression of the UAS-RNAi transgene in the nervous system of flies targeting the CG14630 
network genes. Males with UAS-RNAi were crossed to females expressing Gal4 in their 
nervous system. Two sets of controls were used for each experiment. The elav/+ control flies 
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that do not have the RNAi and the RNAi control flies that do not have the elav-Gal4 driver to 
drive its expression. In SAs for the primary screen n = 4 and for the secondary screen n = 8. 
          We tested 57 RNAi transgenic flies that knocked-down expression of 33 genes from 
the CG14630 network. From the primary screen 13 RNAi against 11 genes showed a 10% or 
greater change with respect to the RNAi/+ and elav/+ controls. 4 RNAis, against 4 genes, 
when expressed in flies were lethal. 4 RNAis when expressed in flies individually, targeting 4 
different genes, caused a significant change in the sensitivity of flies to ethanol tested during 
the SA (Figure 7). Hence the hit rate was 13.33%  (4 out of 30) genes that were tested with 
RNAi had a phenotype (Table 4). 
 
SUMMARY 
          After ranking the networks, we decided to test the role of the CG14630 network in  
ethanol sensitivity in flies. We screened 57 RNAi lines that knocked-down expression of 33 
genes in the network. 11 genes (13 RNAi lines) were retested out of which 4 genes knocked 
down by 4 RNAis cleared the secondary screen and were statistically significant. After 
ranking the networks, we also decided to test the role of the CG14630 network in ethanol 
sensitivity in flies. We screened 57 RNAi lines that knocked-down expression of 33 genes in 
the network. 11 genes (13 RNAi lines) were retested out of which 4 genes knocked down by 
4 RNAis had statistically significant effects on ethanol sensitivity. Since only 12% of the 
network genes when presumably knock-down by RNAi altered ethanol sedation sensitivity, it 
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FIGURE 7: Results of Secondary Screen of the CG14630 Network: In each graph the red colored 
bar in the center indicates the ST50 of the fly with knock-down of a gene in the nervous system. The 
black bar to the left indicates the ST50 of the RNAi control (RNAi/+) and the black bar to the right 
indicates the ST50 of the elav control (elav/+). A. Knock-down of CG14630 by 101204 RNAi makes 
the flies significantly resistant as compared to the controls (One-way ANOVA, p = 0.0048, 
Bonferroni’s p < 0.05) B. Knock-down of CG1341 by 47436 RNAi makes the flies significantly 
resistant as compared to the controls (One-way ANOVA, p = 0.0002, Bonferroni’s p < 0.05) C. 
Knock-down of CG8972 by 108343 RNAi makes the flies significantly resistant as compared to the 
controls (One-way ANOVA, p < 0.0001, Bonferroni’s p < 0.05) D. Knock-down of CG4190 by 
103974 RNAi makes the flies significantly resistant as compared to the controls (One-way ANOVA, 
p < 0.0001, Bonferroni’s p < 0.05) 
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TABLE 4: Hits from the CG14630 network: First two columns indicate transformant IDs from 
VDRC and the genes that were knocked-down by the 4 RNAis. Third column indicates the type of 
interaction that that particular gene has with the seed gene CG14630 and forth column indicates from 
which organism that particular interactor was derived. * indicates the seed gene itself. ** indicates 
that information for those particular interactors is unavailable.  
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iii. RANDOM SET OF GENES 
          We tested two networks for roles in ethanol sedation sensitivity, the IP3K2 network 
and the CG14630 network, and observed a 35% and 12% hit rate from the networks 
respectively, as described in previous sections i and ii. To test whether the bioinformatic 
derivation of these networks helps us gather information about genes involved in ethanol 
sensitivity better than random chance, we tested a random set of 39 genes using 64 RNAi 
transgenic flies to knock-down the expression of those genes in the nervous system. These 
genes were randomly selected as described in Materials and Methods, page 12. 
          The elav-Gal4 driver was used to drive expression of the UAS-RNAi transgene in the 
nervous system of flies targeting the random fly genes. Males with UAS-RNAi were crossed 
to females expressing Gal4 in their nervous system. Two sets of controls were used for each 
experiment. The elav/+ control flies that do not have the RNAi and the RNAi control flies 
that do not have the elav-Gal4 driver to drive its expression. In SAs for the primary screen n 
= 4 and for the secondary screen n = 8. Since time was a limiting factor I was only able to 
perform a primary screen (n = 4) on the random set and hence comparisons will be made to 
the data obtained from primary screens of the IP3K2 and CG14630 networks. To compare the 
hit rate from the primary screens we averaged the ratios obtained from dividing the ST50 of 
the experimental fly to each control (elav/+ control and RNAi/+ control). We tabulated the 
number of RNAis that produced greater than 10%, 20%, 30% and 40% changes relative to 
the controls (Tables 5 & 6).  
          From primary screening of 64 RNAi lines in the random set, 14 RNAis that targeted 13 
genes when expressed in the nervous system were lethal and 34 RNAis that targeted 24 genes 
showed at least a 10% change in sensitivity to ethanol, corresponding to a gene hit rate for 
the primary screen of 72.7%. The gene hit rates for ≥ 10% changes from primary screening of 
the IP3K2 and CG14630 networks were 75% and 70% respectively. Similarly the RNAi hit 
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rate for the random set of genes was 68% (34 of 50 RNAi lines) while the RNAi hit rates for 
IP3K2 and CG14630 networks were somewhat lower (56.4% and 50.9% respectively, Table 
5). The number RNAis and genes that produced greater than 20%, 30% and 40% changes 
relative to both the controls reduced as the threshold for percent change in ethanol sensitivity 
increased across the IP3K2 and CG14630 networks and the random set of fly genes in a 
comparable manner (Table 5 and 6). 
          Previously five other gene networks were tested in the laboratory: Clic – 1/2, TGFβ, 
GSK3β, RyR and Consumption. These networks were derived similarly to the IP3K2 and 
CG14630 networks (not shown), although their derivation was necessarily somewhat 
different given that the origins of the seed genes was different. The primary screening of 
these networks was done against a single control genotype (elav/+). Hence we performed 
another set of comparisons that compiled the percentage of RNAis and genes that showed at 
least a 10% change in ethanol sensitivity when compared to the elav-Gal4 control from the 
random set of genes, the 5 networks, the IP3K2 and CG14630 networks (Table 7 & 8).  
        The RNAi hit rates from the Clic – 1/2, TGFβ, GSK3β, RyR, Consumption, IP3K2 and 
CG14630 networks and the random set of fly genes, for at least 10% change in ethanol 
sensitivity, ranged from 38.1% (Consumption network) to 74% (random set of fly genes) 
(Table 7). Similarly, the gene hit rates for the 7 networks and the random set of fly genes, for 
at least 10% change in ethanol sensitivity, ranged from 42.9% from the Consumption 
network to 80.3% from the Clic – 1/2 network (Table 8). The number RNAis and genes that 
produced greater than 20% and 30% changes relative to the elav-Gal4 control reduced as the 
threshold for percent change in ethanol sensitivity increased across all the 5 networks and the 
random set of fly genes in a comparable manner (Table 7 and 8). 
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SUMMARY 
          To determine whether the hit rates in the IP3K2 and CG14630 networks were greater 
than would be expected by random chance alone, we also assessed the effects of nervous 
system RNAi targeting a random set of 39 fly genes. I was only able to perform a primary 
screen on this random set and hence all comparisons are made to the data obtained from 
primary screens from the networks.  
          We calculated the percent increase or decrease in sensitivity to ethanol to the elav 
control and the RNAi control individually, averaged the two values and used that value for 
determining the final percent increase or decrease in ethanol sensitivity. This was done for 
the genes tested in the random set, IP3K2 and CG14630 networks. When expression of 24 
genes (34 RNAi lines) in the random set was knocked-down there was at least a 10% change 
in sensitivity to ethanol in flies compared to both the controls. In the IP3K2 network when 
expression of 15 genes (22 RNAi lines) was knocked down there was at least a 10% change 
in sensitivity to ethanol in flies and in CG14630 network expression of 21 genes (27 RNAi 
lines) when knocked down there was at least a 10% change in sensitivity to ethanol in flies. 
As the percent change in sensitivity to ethanol increased greater than 10% the number of 
genes and RNAis that could cross that threshold kept reducing. The number RNAis and genes 
that produced greater than 20%, 30% and 40% changes relative to both the controls reduced 
as the threshold for percent change in ethanol sensitivity increased across the IP3K2 and 
CG14630 networks and the random set of fly genes in a comparable manner 
          Another set of similar analyses was performed. This time the hit rate was determined 
by comparing the ST50 value of the experimental flies to that of the elav-Gal4 control flies 
only. The gene and RNAi hit rates were available for previously tested networks, Clic – 1/2, 
TGFβ, GSK3β, RyR, Consumption, in the lab. The percentage of genes and RNAis that 
caused greater than 10%, 20% and 30% change in sensitivity to alcohol respectively was 
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determined. The number RNAis and genes that produced greater than 20% and 30% changes 
relative to the elav-Gal4 control reduced as the threshold for percent change in ethanol 
sensitivity increased across all the 5 networks and the random set of fly genes in a 
comparable manner.  
          The hit rates obtained from all the networks and the random set of fly genes, are 
comparable from the primary screen, though statistical analyses have yet to be performed. 
The random set of genes has a comparable hit rate at each level as obtained from all the seven 
networks. Secondary screening will be performed in future experiments to determine the final 
RNAi and gene hit rate of this random set of fly genes. 
  










Network Total Lethals Tested 
1° Screen (v/s 2 controls) 
∆>10% ∆>20% ∆>30% ∆>40% 
        




56.4% 23.1% 12.8% 5.1% 
        
        
CG14630 




51.9% 18.9% 13.2% 3.8% 
        
        
Random 




68.0% 36.0% 26.0% 12.0% 
        
 
TABLE 5: Comparison of RNAi Hit Rates (compared to both the controls) from the IP3K2 
Network, CG14630 Network and the Random Set of Genes: First column indicates the networks. 
The second column indicates the total number of RNAi that were crossed. The third column indicates 
the number and percent of RNAi which, when expressed in the nervous system were lethal. The forth 
column indicates the number of RNAi that were tested using the SA. The fifth, sixth, seventh and 
eighth columns indicate the number and percent of RNAis which, when expressed in the nervous 


























Network Total Lethals 
 
Tested 
1° Screen (v/s 2 controls) 
∆>10% ∆>20% ∆>30% ∆>40% 





15 8 5 2 
19.0% 75.0% 40.0% 25.0% 10.0% 
        




21 8 7 2 
12.1% 70.0% 26.66% 23.3% 6.7% 






24 16 12 6 
33.3% 72.7% 48.0% 36.4% 18.2% 
        
 
TABLE 6: Comparison of Gene Hit Rates (compared to both the controls) from the IP3K2 
Network, CG14630 Network and the Random Set of Genes: First column indicates the networks. 
The second column indicates the total number of genes that were crossed. The third column indicates 
the number and percent of genes which, when knocked-down in the nervous system, were lethal. The 
forth column indicates the number of genes that were tested using the SA. The fifth, sixth, seventh 
and eighth columns indicate the number and percent of genes which, when knocked-down in the 
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Network Total Lethals Tested 1◦ Screen (v/s elav/+) ∆>10% ∆>20% ∆>30% 
       
Clic-1 & Clic-2 133 31 102  
73 45 26 
23.3% 71.6% 44.1% 25.5% 
              
TGFB 73 13 60  
35 24 13 
17.8% 58.3% 40.0% 21.7% 
       
       
Gsk3B 56 11 45  
23 13 9 
19.6% 51.1% 28.9% 20.0% 
       
       
RyR 29 5 24  
17 10 6 
17.2% 70.8% 41.7% 25.0% 
       
       
Consumption 27 6 21  
8 5 4 
22.2% 38.1% 23.8% 19.0% 
       
       
IP3K2 43 4 39 26 9 5 9.3% 66.7% 23.1% 12.8% 
       
       
CG14630 57 4 53 29 14 7 7.0% 54.7% 26.4% 13.2% 
       
       
Random 64 14 50 37 18 13 21.9% 74.0% 36.0% 26.0% 
       
 
TABLE 7: Comparison of RNAi Hit Rates (compared to elav/+ control) from 5 networks and 
the Random Set of Genes: First column indicates the networks, Clic – 1/2, TGFβ, GSK3β, RyR, 
Consumption, IP3K2 and CG14630 networks and the random set of fly genes. The second 
column indicates the total number of RNAi that were crossed. The third column indicates the number 
and percent of RNAi which, when expressed in the nervous system were lethal. The forth column 
indicates the number of RNAi that were tested using the SA. The fifth, sixth and seventh columns 
indicate the number and percent of RNAis which, when expressed in the nervous system, show 
greater than 10%, 20% and 30% change in sensitivity to alcohol respectively. 
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Network Total Lethals Tested 1◦ Screen  (v/s elav/+) ∆>10% ∆>20% ∆>30% 
       
Clic-1 & Clic-2 69  
8 61 
 
49 35 22 
11.6% 80.3% 57.4% 36.1% 
              
TGFB 36  
4 32 
 
24 17 10 
11.1% 75.0% 53.1% 31.3% 
              
Gsk3B 27  
3 24 
 
16 12 9 
11.1% 66.7% 50.0% 37.5% 
              
RyR 18  
1 17 
 
14 9 6 
5.6% 82.4% 52.9% 35.3% 
              
Consumption 15  
1 14 
 
6 5 4 
6.7% 42.9% 35.7% 28.6% 
              
IP3K2 21 4 20 16 8 5 19.04% 80% 40% 25% 
              
CG14630 33 4 30 21 12 7 12.12% 70% 40% 23.33% 
              
Random 39 13 33 26 16 12 33.33% 78.78% 48.48% 36.36% 
       
 
TABLE 8: Comparison of Gene Hit Rates (compared to elav/+ control) from 5 networks and the 
Random Set of Genes: First column indicates the 5 networks, Clic – 1/2, TGFβ, GSK3β, RyR, 
Consumption, IP3K2 and CG14630 networks and the random set of fly genes. The second 
column indicates the total number of genes that were crossed. The third column indicates the number 
and percent of genes which, when knocked in the nervous system were lethal. The forth column 
indicates the number of genes that were tested using the SA. The fifth, sixth and seventh columns 
indicate the number and percent of genes which, when knocked-down in the nervous system, show 
greater than 10%, 20% and 30% change in sensitivity to alcohol respectively.  
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CHAPTER 4: DISCUSSION 
          Three studies had been conducted in flies to capture genome-wide changes in 
expression levels of genes when exposed to ethanol. We hypothesized that using the genes 
whose expression levels changed in all the three studies and building multi-species 
interaction gene networks centered on each gene of those genes that has at least one human 
ortholog would help us capture genes that play a role in ethanol sensitivity. 
          My first aim was to optimize the Sedation Assay that our lab uses to test the sensitivity 
of flies to ethanol. Since flies encounter up to about 5% ethanol in their natural habitat like 
fruits, they can be exposed to high levels of ethanol. From my preliminary experiments I 
concluded that 1 ml of 85% ethanol was suitable for the SAs as 50% of the flies would be 
sedated around 25-26 minutes.  
          We uploaded the datasets of 535 genes from the Morozova et al. paper, 647 genes from 
the Urizar et al. paper and 737 genes from the Kong et al. paper into GeneWeaver. 
GeneWeaver is an online bioinformatic tool that combines lists that you upload and gives you 
detailed spreadsheet indicating which genes are common to the datasets. From the Excel file 
we determined that 43 genes (Table 9) were common from all the three studies and 232 genes 
were common in at least two of the studies. 
          Compared to the magnitude of the number of genes in each of the three studies and the 
fact that all the studies are trying to determine gene expression changes post, single or 
multiple, ethanol exposures we would expect a higher number of genes to overlap. But this is 
not the case. We observed only ~2% of genes common amongst the three studies and ~14% 
of genes common in at least two of the datasets. Kong et al. (2010) performed similar 
analyses and published 29 commonly identified genes in all the three studies out of which 
expression of 25 genes was regulated in the same direction. They did not mention how they 
have come up with this list of genes (Table 10). 
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          There could be several reasons for the small number of common genes between the 
three studies. First, the fly strain used in each study was different. Morozova et al. used the 
isogenic Canton S strain, Urizar et al. used the white eyed Canton S strain where as Kong et 
al. used the Berlin Genetic Background Strain. Second, Urizar et al. and Kong et al. analyzed 
gene expression changes only in the fly head while Morozova et al. performed microarray 
analyses on whole fly. Third, different experimental design amongst the three studies, such as 
concentration of ethanol vapor, time for which flies were exposed to ethanol and the time for 
which flies were allowed to recover, could also contribute to such a low number of ethanol-
responsive genes that overlap. Variations in types of filters used to sort through the data and 
statistical analyses also play a role in observing such a small overlap (A. a Awofala, 2011). 
          Though there are a small number of genes that overlap, there are several gene ontology 
groups that were over-represented amongst the three studies, especially genes in olfaction and 
detoxification enzymes. 
          Using g:Profiler we determined that 25 genes had at least one predicted human 
ortholog (Table 2). We were able to build networks using 24 of those genes as seed genes. 
We were unable to build a network around the Hmgz seed gene because it is predicted to 
interact with a very large number of other genes and proteins making it impossible to derive a 
manageable network. 
          To begin to understand the origin of genes within each network, we compiled 
descriptive data from four networks, 2 that were tested by RNAi (IP3K2 and CG14630, see 
below) and 2 chosen largely at random (SODH-1 and NMDMC). Specifically we tabulated 
the interacting genes as coming from studies in human, mouse, worm or fly and types of 
interactions (physical, co-localization, co-expression, shared protein domain, genetic, 
predicted, other) that led to their inclusion in the networks. In order to do this we had to 
reconstruct the networks due to which we faced several difficulties. Firstly the external link 
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outs on FlyBase were not available for the genes of our interest because of which we were 
unable to characterize the interactions between them and the seed gene. We grouped the 
interactions of all the genes with the seed gene that were obtained from FlyBase as ‘FlyBase’. 
Secondly the data online is very dynamic and continuously being updated. Due to this, 
information about several genes was lost. From the data that was available, we could see a 
trend in the four networks with respect to percentage of contribution from each organism. 
Most of the information in the four networks came from flies, which was anticipated as we 
started of with a set of fly interactors with the seed gene from FlyBase and GeneMania. 
Humans and mouse contributed equally and this was anticipated too as they are 
physiologically similar. Worm contributed the least amount of information across all the four 
networks. When we characterized the networks based on the types of interaction with the 
seed gene, interactions grouped as FlyBase was highest across all four networks and this was 
due to the fact that the information on interactors from FlyBase had been withdrawn from the 
website. Amongst physical, co-localization, co-expression, shared protein domain, genetic, 
predicted and other types of interactions between the genes in each network and the seed 
gene, the number of each type of interaction varied across all the four networks. Compilation 
of data from the remaining 20 networks is necessary to know if they have similar data 
origins. 
          We analyzed the networks in several ways to rank them. On comparing them to ERG 
datasets from other model organisms we ranked the 24 networks. We hypothesized that the 
network with the highest amount of overlap with all or most of the datasets would be the one 
enriched with genes that would affect ethanol sensitivity in flies. We compared each network 
to datasets from fly studies (Morozova et al., Urizar et al., Kong et al.), mouse, human, worm, 
fly and monkey meta-analysis from Dr. Miles’ lab, N2 and npr-1 ERG worm data from Dr. 
Bettinger’s lab. Each network was ranked from 1-24 depending on the percentage overlap for 
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each comparison, 1 indicating highest percent of overlap and 24 indicating the least percent 
of overlap. Finally, the networks were ranked based on the summation of ranks for each 
comparison, the lowest score indicating the highest final rank. Based on these analyses the 
CG14630 network was the most promising of the 24 fly gene networks generated (Table 2). 
When we slightly modified our approach by taking the average scores of the comparisons 
with the 3 fly datasets and the 2 worm datasets (so that there is equal representation of each 
organism in the final scoring) and then ranked the genes, CG14630 still ranked at the top.  
          To assess the role of these networks in ethanol sedation in flies, we performed a 
primary and secondary RNAi screen on two of the IP3K2 and CG14630 networks. After 
primary screening of 21 genes knocked down by 44 RNAis in the IP3K2 network, 15 genes 
(29 RNAi lines) were selected for secondary screening. Only 7 genes knocked down by 8 
RNAis showed a statistically significant change in the sensitivity of ethanol in flies. Thus the 
gene hit rate for the IP3K2 network was 35%. To test the CG14630 network we screened 57 
RNAi lines that targeted 33 genes in the network. 11 genes (13 RNAi lines) were retested out 
of which 4 genes targeting 4 RNAis cleared the secondary screen and were statistically 
significant. Thus the gene-hit rate is 13.33% for the CG14630 network . 
          To test whether deriving and testing these networks helps us gather information about 
genes involved in ethanol sensitivity better than random chance, we tested a random set of 39 
genes using 64 RNAi transgenic flies to knock-down the expression of those genes in the 
nervous system. Due to time constraints I was only able to perform a primary screen on this 
set and hence all comparisons were made to the data obtained from the primary screening of 
all the networks. The random set gene hit rate is 72.7% and the RNAi hit rate is 68.0%. These 
hit rates are similar to hit rates obtained from primary screening of IP3K2 and CG14630 
networks (Tables 6 & 7). As we filtered the RNAis/genes that showed a phenotype by 
increasing the threshold for the percent change in ethanol sensitivity when compared to the 
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controls, the number of RNAi/genes reduced drastically across IP3K2 and CG14630 
networks and the random set of fly genes.  
          When the gene/RNAi hit rates (ST50 compared to elav control) of the random set of fly 
genes was compared to the hit rates from 5 other networks tested in the lab, Clic-1/2, TGFB, 
GSK3B, Ryanodine Receptor (RyR) and Consumption Networks, a similar trend was seen 
where with increase in threshold for the percent change in sensitivity to ethanol reduced the 
percent hit rates of all the networks and the random set of genes (Table 8 & 9). 
          These results can be interpreted in several manners. Firstly, since the hit rates from the 
primary screens of the random set of genes, the CG14630 and IP3K2 networks was 
comparable, this suggests that deriving and testing these networks did not help us gather 
information about genes involved in ethanol sensitivity better than random chance. 
Accordingly, this would suggest that a large number of genes in the fly genome are involved 
in behavioral responses to ethanol and our bioinformatic analyses did not substantially enrich 
for these genes. 
          Comparisons between the hit rates from the random set of fly genes and 5 networks 
have been performed on the basis of the primary screen. There is a possibility that once the 
secondary screen is performed on the random set of fly genes, several RNAi/genes with 
phenotype would fall out and the hit rate would be lower that the hit rates from the other 
networks. 
          One of the caveats of our approach of deriving the hit rates might be affecting these 
comparisons. Since we average the ratios of ST50 of experimental fly to each of its control 
(RNAi/+ and elav/+ controls) we might be including several false positives that are highly 
resistant when compared to one control but show no difference when compared to the second 
control.  
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          Our lab uses the Gal4-UAS bipartite transgenic system driven by the elav promoter that 
drives expression of UAS-RNAis transgenes in the nervous system of flies (Brand & 
Perrimon, 1993), thereby knocking-down expression of genes of interest in the nervous 
system of flies. Using this approach, most of the flies that have a phenotype are resistant. 
This could suggest that when the RNAi pathway is being induced or when certain genes in 
the fly genome are knocked down there are gene expression changes that occur globally 
making the fly resistant, irrespective of which gene is being knocked-down.  
          There are a couple of follow up experiments, which will be performed to understand 
this mechanism better. First, secondary screening of the random set of genes will be 
performed. This would tell us whether the hit rates in the IP3K2 and CG14630 networks were 
greater than would be expected by random chance alone. I anticipate that the hit rate after 
secondary screening of the random set of genes will still be higher than that of the IP3K2 and 
CG14630 networks suggesting that deriving and testing these networks did not help us gather 
information about genes involved in ethanol sensitivity better than random chance.           
          In case the hit rate after secondary screening of the random set of genes is higher than 
that of the IP3K2 and CG14630 networks, I would make a list of all the genes that when 
knock-down using RNAi show a phenotype, from all the networks, and perform gene 
ontology analyses to see whether any major family of genes is being over-represented. 
          In case the hit rate of the random set of fly genes is lesser than the hit rates of IP3K2 
and CG14630 networks after secondary screening, this could suggest that building these 
networks does contribute to the information of the genes that play a role in ethanol sensitivity 
in flies. I would then perform qRT-PCR on the RNAi lines to confirm knock – down of gene 
of interest. Next I would test those genes by ordering mutants for them to confirm the 
phenotype we observed while knocking-down the gene using RNAi. 
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APPENDIX 
 
Simple Ethanol Sedation Assay 
 
A.  Day before assay 
 
1.  Collect flies (reared for behavioral assays) in groups of 11 (single sex) under brief CO2 
following standard procedures for behavioral assays. 
 
2.  Allow flies to recover overnight in non-yeasted food vials in the environmental chamber.  
My experience is that it is possible to test a maximum of 20 vials of flies in a single 
experiment. 
 
B.  Day of assay 
  
1.  For each vial of flies to be tested, you will need (a) a clean, empty food vial; i.e. testing 
vial, (b) a new unmodified flug, (c) a silicone or rubber #4 plug and (d) 2 ml of ethanol 
solution.   
 
2.  Turn on humidifier and allow relative humidity in testing room to rise to 55-65%.   
 
3.  Have someone else in the lab assign a unique code to each group of vials for each 
genotype and—IMPORTANTLY—record the code for later.  Place coded vials with flies in 
testing room to acclimate. 
 
3.  Label empty testing vials with tape to match codes on fly vials from B.3. 
 
4.  Construct a testing log by entering the code for each vial into the Test Log worksheet 
within the Excel Sedation file.  Use a random or cycling order.  Add other pertinent 
information (% ethanol, sex, etc.) to the Test Log worksheet and print for use during testing. 
 
5.  Using the Test Log as a guide, arrange coded food vials with flies and empty testing vials 
into matching arrays in the testing room.  I have found that it is possible to test sets of 4 vials 
simultaneously, so arrange 20 vials (maximum) in 5 sets or rows containing 4 vials each. 
 
6.  Transfer all flies from all food vials into matched/labeled testing vials one at a time and 
immediately insert flugs into testing vials until flugs are slightly below the vial tops.  Use 
fluginator to push flugs down into vials. 
 
7.  Time 0 assessment:  For each vial individually, grasp with thumb and forefinger, tap 
gently on the table three times to knock flies to the bottom of the vial, wait 30 seconds and 
then count the number of flies that are immobile.  Typically, this is 0 or 1.  Record the 
number of immobile flies for each vial at time 0 in the printed Testing Log. 
 
8.  Hereafter, each row of four vials will be handled as a set at staggered one-minute 
intervals.   
 
Start timer counting up at time 0 and immediately begin adding 2 ml of ethanol to the flug in 
the vials for the first row/set of 4 vials.  Add ethanol to the vials at 5 second intervals in the 
order they will be tested.  Add ethanol in a circular motion so that all ethanol is absorbed in 
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the flug.  When ethanol has been added to all four testing vials in the set, insert a rubber or 
silicone #4 plug in each vial to seal it. 
 
At times 1, 2, 3 and 4 minutes, add 2 ml of ethanol to the second, third, fourth and fifth sets 
of three vials, respectively.  Continue inserting #4 plugs after adding ethanol. 
 
9.  At time 5 minutes, test the first set of 4 vials by grasping each vial with thumb and 
forefinger, tapping gently on the table three times to knock flies to the bottom of the vial, 
waiting 30 seconds and then counting and recording the total number of flies that are 
immobile.  Flies are scored as immobile if they do not appear to have productive locomotion. 
 
Handle each vial within the set at 5 second intervals.  Specifically, vial one is tapped at 5 
minutes 0 seconds and assessed at 5 minutes 30 seconds.  Vial two is tapped at 5 minutes 5 
seconds and assessed at 5 minutes 35 seconds.  Vial three is tapped at 5 minutes 10 seconds 
and assessed at 5 minutes 40 seconds.  Vial four is tapped at 5 minutes 15 seconds and 
assessed at 5 minutes 45 seconds. 
 
At times 6, 7, 8 and 9 minutes, test the second, third, fourth and fifth sets of vials, 
respectively, as done for the first set. 
 
10.  At time 10 minutes, test the first set of 4 vials again as described in B9 and continue 
testing the second, third, fourth and fifth sets of vials at 11, 12, 13 and 14 minutes, 
respectively.   
 
Continue testing flies as described in B9 and B10 out to 60 minutes or until all flies are 
sedated. 
 
Clean-up is (a) turn off humidifier, (b) remove #4 plugs for later reuse, (c) discard flugs 
containing ethanol, (d) dispose of flies in morgue, (e) place testing vials on sink to be 
washed, (f) remove any trash from and straighten up testing room and (g) turn off light in 
testing room. 
 
11.  Enter the total number of flies in each vial in the Test Log within the Excel Sedation 
worksheet file.  Percent Active flies will be automatically calculated and graphed below the 
Test Log.  Press ‘Ctrl + e’ to sort data by genotype into the Sorted Data worksheet. 
 
For each vial, use Prism to determine the ST50 from the Percent Active data (i.e. time to 50% 
sedation) by (a) pasting the Percent Active time-course data from the Sorted Data Worksheet 
into Prism so that each column is an individual vial, (b) entering the value ‘50’ below each 
column of data in Prism so that it is NOT paired with an X value (see left panel below), (c) 
selecting a third-order polynomial fit in Prism, selecting ‘unknowns from standard curve’ 
(see below), selecting OK, and (d) selecting ‘interpolated X values’ under the Nonlinear fit 
analysis and copying the ST50 values (i.e. X column values).  Each ROW in the interpolated 
data represents a single COLUMN from the Percent Active worksheet.  BE CAREFUL, 
Prism will sometimes skip columns of data that do not fit a third-order polynomial (e.g. water 
or low ethanol concentration data).  Compile percent active time-course and ST50 data for 
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Internal Ethanol Content Protocol 
 
**Use pre-chilled solutions throughout assay for consistency** 
 
1.  Grow/collect flies and prepare Flugged vials as you normally would for sedation assays.  
Use 11 flies/vial and typically 1 vial/genotype with 3-5 vials total per test.  Expose one group 
to ddH2O (0 minutes) and other groups to ethanol during SAs for 15-45 minutes or other 
times as appropriate. 
 
2.  After each water or ethanol exposure, transfer flies to labeled 1.5 ml snap-cap tubes and 
store at -70°C.  Continue water and ethanol exposures until you have a complete set of frozen 
flies from each genotype at each time-point. 
 
3.  Homogenize frozen flies with drill/pestle in 200 µl ice-cold ddH2O for 30 seconds.  Keep 
flies on ice before and after homogenization. 
 
4.  Centrifuge homogenized flies at maximum speed at 4°C for 20 minutes.  Prepare 25 mM 
standard by adding 4.37 µl of 100% ethanol (17.16 M) to 2996 µl ice-cold ddH2O.  Prepare 
remaining standards using the table below.  Store standards on ice. 
 
5.  Transfer 100 µl of clear supernatant to new labeled 1.5 ml snap-cap tube.  Lipid or other 
crud will stick to the outside of the pipette tip.  DO NOT TOUCH PIPPETTE TIP TO NEW 
TUBE!  Store 100 µl supernatants on ice. 
 
6.  Add 300 µl of cold ethanol reagent to 1.5 ml snap-cap tubes for each sample (in triplicate, 
3 tubes/sample) and standard (in duplicate, 2 tubes/standard). 
 
7.  Add 10 µl of each sample supernatant and standard to the corresponding tube from step 6.  
Mix by single pulse vortexing. 
 
8.  Incubate at 30°C in heat block for 5 minutes. 
 
9.  Read absorbance of 100 µl of each reaction at 340 nm and print out results. 
 
10.  Final ethanol concentration in samples determined in Internal Ethanol BLANK Excel 
sheet as:   
 
mM interpolation x (200 µl + [# flies x µl/fly])/(# flies x µl/fly) 
 











	  	   61	  
Notes: 
1.  Standards 
 
Standard Volume of ddH2O Volume of 25 mM 
0 mM 1000 µl 0 
2 mM 920 µl 80 µl 
4 mM 840 µl 160 µl 
6 mM 760 µl 240 µl 
8 mM 680 µl 320 µl 
10 mM 600 µl 400 µl 
 
2.  Alcohol Reagent:  Dilute per manufacturer’s instructions.  Good for at least 2 weeks at 
4°C. 
3.  Reaction is maximal at ~2 minutes and has a stable product (i.e. A340) out to at least 12 
minutes. 
4.  Use all cold reagents for consistency. 
5.  A 30-minute exposure to vapor from 2 mL of 50% ethanol in a SA should lead to a final 
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Flug Experiment 
 
1. For each vial to be tested, you will need (a) a clean, empty food vial; i.e. testing vial, (b) a 
new unmodified flug, (c) a silicone or rubber #4 plug and (d) 2 ml or 1ml of ethanol 
solution or 1ml of ddH2O.   
 
2. Turn on humidifier and allow relative humidity in testing room to rise to 55-65%.   
 
3. Set up 3 rows of 4 empty vials each. 
 
4. Start timer counting up at time 0 and immediately begin adding 2 ml of ethanol to the flug 
in the vials for the first row/set of 4 vials.   
 
5. Add ethanol to the vials at 5-second intervals in the order they will be tested.   
 
6. Add ethanol in a circular motion so that all ethanol is absorbed in the flug.  
  
7. When ethanol has been added to all four testing vials in the set, insert a rubber or silicone 
#4 plug in each vial to seal it. 
 
8. Repeat steps 5-7 for the second row at 1 minute time point. This time adding 1ml of 
ethanol to the flugs. 
 
9. Similarly for the last row at 3 minute time point add 1 ml of water.  
 
10. At time 5 minutes, test the first set of 4 vials by grasping each vial with thumb and 
forefinger, tapping gently on the table three times. 
 
11. At times 6 and 7 minutes, test the second and third sets of vials, respectively, as done for 
the first set. 
12. Continue testing vials as described in 9 and 10 out to 60 minutes. 
 
13. After the 60 minute time point is over, cut the end 2mm of the flugs to which ethanol was 
not added. 
 
14. Perform step 13 for all the rows. 
 
15. Weigh the bottom 2mm of each flug individually and record the weights. 
 
16. Leave the flugs overnight and weigh them again. 
 
17. Calculate the change in weight by subtracting the values obtained from step 16 from the 
values obtained from step 15. 
 
18. Clean-up is (a) turn off humidifier, (b) remove #4 plugs for later reuse, (c) discard flugs 
containing ethanol, (d) place testing vials on sink to be washed, (f) remove any trash from 
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Derivation of Multi Species Interaction Gene Networks: 
 
1. Upload the three fly ERG datasets from Kong et al., 2010; Morozova et al., 2006 and 
Urizar et al., 2007 to http://geneweaver.org.  
 
2. Select the three data sets and click on the option add to project.  
 
3. Create the new project on GeneWeaver and click on the option ‘Combine’. 
 
4. Download the Excel file, which has a combined list of all the datasets and which genes 
are common in each dataset. 
  
5. Take the 43 genes that were common from the three data sets and upload the list into 
g:Profiler (http://biit.cs.ut.ee/gprofiler/gorth.cgi). g:Profiler is a bioinformatics tool used 
to determine ortholog of a gene in another organism. 
 
6. Open the Excel file and select the fly genes that have at least one human ortholog. 
 
7. 25 out of the 43 fly genes have direct human orthologs. 
 
8. Take one of the genes (say IP3K2) and extract all the interactors with it from the  
‘Interactions and Pathways’ section on FlyBase.org. 
 
9. Generally there are four external links on FlyBase: BioGrid, DPiM, DroID and Interlog 
Finder which will provide the set of interactions with our seed gene. 
 
10. Filter this list of fly interactors for unique entries only and lets refer to this set of genes 
as list A. 
 
11. Upload this list A to GeneMania (http://www.genemania.org). 
 
12. Click on the option ‘Show Advanced Options’ and deselect the Morozova et al., 2006 
paper. 
 
13. Next hit ‘Go’ and GeneMania will pull out all the ineteractors that interact with the genes 
in list A. 
 
14. Save the pairwise interactors of IP3K2 and combine it with list A.  
 
15. Filter the above list of fly interactors from FlyBase and GeneMania for unique entries 
only and lets refer to this as list B. 
 
16. Find Human, Mouse and Worm orthologs for list B and the seed gene IP3K2 using 
g:Profiler. 
 
17. Upload each list of orthologs individually into GeneMania and download the pairwise 
interactions with the ortholog of IP3K2 in each organism. 
 
18. After deriving separate lists of genes interacting with IP3K2 in Human, Mouse and 
Worm, upload them to individually to g:Profiler to obtain the fly orthologs. 
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19. Combine the lists of fly orthologs from all the organism and add it to list B. 
 
20. Filter this final list and upload it to GeneMania, which will draw up a network of 
interactions of all the genes with the seed gene or in this case IP3K2. 
 
21. Repeat steps 7-18 for all the 24 ERGs. 
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TABLE 9: List of 43 genes common in Morozova et al. (2006), Urizar et al. (2007) and 
Kong et al. (2010). Output from GeneWeaver 
 
Gene Morozova 2006  é  Morozova 2006 ê  Urizar 2007 Kong 2010 SUM 
aay 1 0 1 1 3 
alpha-
Est1 1 0 1 1 3 
CG11891 1 0 1 1 3 
CG13283 0 1 1 1 3 
CG14207 1 0 1 1 3 
CG1443 1 0 1 1 3 
CG14630 1 0 1 1 3 
CG15784 1 0 1 1 3 
CG16926 1 0 1 1 3 
CG3011 1 0 1 1 3 
CG31288 1 0 1 1 3 
CG3239 0 1 1 1 3 
CG33110 1 0 1 1 3 
CG4716 0 1 1 1 3 
CG4797 1 0 1 1 3 
CG6435 1 0 1 1 3 
CG6675 1 0 1 1 3 
CG7656 0 1 1 1 3 
CG8129 1 0 1 1 3 
CG8147 1 0 1 1 3 
CG9119 1 0 1 1 3 
CG9497 0 1 1 1 3 
Cp1 0 1 1 1 3 
Cyp4ac1 0 1 1 1 3 
Cyp4e2 1 0 1 1 3 
Cyp6a20 1 0 1 1 3 
Cyp6w1 0 1 1 1 3 
GstD2 1 0 1 1 3 
HmgZ 0 1 1 1 3 
IP3K2 1 0 1 1 3 
kraken 1 0 1 1 3 
Men 1 0 1 1 3 
Nmdmc 1 0 1 1 3 
Obp99d 1 0 1 1 3 
Odc1 0 1 1 1 3 
Pepck 1 0 1 1 3 
Pgd 1 0 1 1 3 
Prat2 1 0 1 1 3 
Rfabg 0 1 1 1 3 
Sodh-1 0 1 1 1 3 
Spn27A 1 0 1 1 3 
Tango13 1 0 1 1 3 
Tsp42Ed 1 0 1 1 3 
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Genes highlighted in yellow are the genes that were regulated differently amongst the 3 
studies by Kong et al., 2010; Morozova et al., 2006; Urizar et al., 2007. 
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Table 11: ST50 ratio values from primary and secondary screening of IP3K2 network 
 
  













105766 CG5890 1.49 1.26 1.5 1.33 
110156 CG1591 1.41 1.3 1.38 1.32 
103749 CG10082 1.07 1.17 1.35 1.34 
101618 CG31673 1.56 1.6 1.35 1.11 
102169 CG42683 1.35 1.13 1.33 1.2 
110779 CG1236 1.77 1.9 1.3 1.54 
7795 CG3929 1.15 1.18 1.27 1.12 
38696 CG42683 1.23 1.17 1.2 1.42 
2895 CG6518 1.06 1.02 1.3 1.12 
101719 CG6518 1.26 1.09 1.27 1.26 
107680 CG9331 1.12 1.29 1.21 1.17 
17789 CG1236 0.99 1.14 1.16 1.19 
51706 CG42683 0.85 0.91 1.14 1.22 
102772 CG34359 * 1.06 1.16 1.12 1.52 
38326 CG10082 1.12 1.19 1.12 0.97 




26259 CG3642 1.22 1.25 1.05 0.95 
25796 CG31673 1.13 1.11 1.04 0.98 
107327 CG11711 1.17 1.11 1.03 1.12 
108095 CG6923 1.23 1.1 0.98 1.1 
3361 CG1759 1.15 1.19 0.96 
 
26096 CG6923 1.02 0.96 0.9 1.04 
3618 CG3385 0.86 0.8 0.9 1 
2894 CG6518 0.84 0.93 0.89 1.07 
38908 CG1591 0.89 1.06 0.85 0.87 
26261 CG3642 0.89 1.03 0.82 1.02 
19159 CG34359 * 0.9 1.05 0.81 0.9 
25797 CG31673 0.89 1.13 0.78 1.04 
49563 CG1759 1.01 1.11 0.77 1.05 
51705 CG42683 1.12 1.15 
  
24502 CG3385 0.87 0.96 
  
27696 CG6622 0.95 1.02 
  
27699 CG6622 1.01 0.98 
  
28242 CG8472 0.94 0.89 
  
30282 CG8322 0.96 1.02 
  
38327 CG10082 1.01 1.1 
  
43825 CG13688 1.03 1.15 
  
44653 CG9331 0.95 1.09 
  
101524 CG4379 0.81 1.02 
  
43824 CG13688 vials 
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100273 CG3385 Lethal 
   
102004 CG8472 Lethal 
   
106086 CG3929 Lethal 
   
110628 CG17358 Lethal 
   
 
*The seed gene (IP3K2) is white in color. All the rows that are highlighted are RNAi lines that were 
retested. Rows highlighted in red indicate that the RNAi lines were statistically significant after the 
secondary screening. Rows highlighted in blue indicate that the RNAi lines were not statistically 
significant after the secondary screening. 
**elav->RNAi:elav/+ : Ratio of ST 50 value of Experimental fly to that of the Elav control. 
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103974 CG4190 1.55 2.06 1.35 1.31 
101204 CG14630* 1.43 1.21 1.13 1.22 
47436 CG1341 1.34 1.28 1.21 1.20 
108343 CG8972 1.46 1.20 1.4 1.12 
105611 CG4335 1.11 1.25 1.29 1.2 
35641 CG12559 1.11 1.12 1.02 1.11 
51297 CG5102 0.66 0.66 1.13 1.08 
109108 CG12559 1.10 1.10 1.05 1.03 
50222 CG4264 1.32 1.50 0.87 0.99 
110710 CG5720 0.86 0.71 1.18 0.97 
45743 CG1071 1.09 1.26 0.95 0.95 
104341 CG4167 1.15 1.31 1.14 0.91 
108834 CG1341 1.25 1.20 0.87 0.61 
26196 CG3445 1.02 0.96 
  
27487 CG5720 0.66 0.60 
  
40637 CG7409 0.77 1.14 
  
40686 CG17691 0.92 0.94 
  
101734 CG4264 1.17 0.97 
  
25958 CG3400 1.09 0.96 
  
110156 CG1591 1.02 1.11 
  
3014 CG34403 0.95 0.91 
  
6983 CG4183 1.07 1.19 
  
21806 CG4167 1.10 1.02 
  
22061 CG5321 1.05 1.05 
  
24894 CG14630* 1.06 1.04 
  
24895 CG14630 1.12 0.99 
  
25959 CG3400 1.09 1.17 
  
26465 CG4264 1.02 1.32 
  
26514 CG4335 1.00 1.07 
  
29253 CG13628 0.94 0.89 
  
30713 CG8591 1.13 1.06 
  
35060 CG6061 0.93 0.97 
  
35061 CG6061 1.19 0.99 
  
37091 CG2956 0.95 1.08 
  
37092 CG2956 0.97 1.01 
  
37715 CG8651 1.06 1.18 
  
38908 CG1591 0.75 0.96 
  
40530 CG4466 0.78 0.97 
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43123 CG12559 1.00 0.94 
  
45596 CG8937 1.25 1.01 
  
45996 CG6667 1.16 1.05 
  
100517 CG7409 0.99 0.83 
  
100955 CG4183 0.90 1.13 
  
100990 CG1071 1.09 1.04 
  
101669 CG4466 1.08 1.16 
  
102493 CG4463 1.12 1.03 
  
105258 CG5102 1.21 1.01 
  
105491 CG6667 0.92 1.05 
  
106028 CG32120 1.29 1.07 
  
106088 CG43143 1.05 1.09 
  
106510 CG8937 0.93 1.13 
  
108679 CG34403 1.19 1.02 
  
108857 CG8591 1.16 1.06 
  
102010 CG13628 Lethal 
   
108425 CG10814 Lethal 
   
100857 CG4461 Lethal 
   
105498 CG6033 Lethal 
   
 
*The seed gene (CG14630) is white in color. All the rows that are highlighted are RNAi lines that 
were retested. Rows highlighted in red indicate that the RNAi lines were statistically significant after 
the secondary screening. Rows highlighted in blue indicate that the RNAi lines were not statistically 
significant after the secondary screening. 
**elav->RNAi:elav/+ : Ratio of ST 50 value of Experimental fly to that of the Elav control. 
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Table 13: ST50 ratio values from primary screening of Random Set of Fly Genes  
 
RNAi Transformant ID Gene elav->RNAi:elav/+ elav->RNAi:RNAi/+ 
38986 CG4141 1.5 2.06 
106267 CG33519 1.52 1.72 
104286 CG11306 1.68 1.4 
102226 CG6457 1.43 1.53 
110207 CG5263 1.72 1.23 
106003 CG17498 1.26 1.58 
109988 CG33868 1.3 1.47 
110801 CG32649 1.3 1.47 
100976 CG9550 1.38 1.35 
109300 CG11325 1.43 1.26 
109064 CG33868 1.24 1.44 
108985 CG5432 1.39 1.26 
106926 CG33131 1.34 1.26 
107390 CG4141 1.64 0.93 
35663 CG12379 1.26 1.24 
110686 CG42555 1.3 1.17 
100669 CG17917 1.12 1.3 
101736 CG6017 1.3 1.07 
108638 CG8169 1.16 1.2 
9546 CG11325 1.18 1.14 
8448 CG11306 1.13 1.17 
107925 CG42344 1.17 1.13 
45774 CG4212 1.1 1.19 
108439 CG5809 1.11 1.18 
29412 CG33519 1.05 1.23 
26536 CG32649 1.19 1.04 
104392 CG4212 1.03 1.2 
8487 CG6017 1.16 1.06 
26452 CG4233 1.08 1.12 
38179 CG6457 1.12 1.08 
101764 CG10036 1.13 1.07 
50253 CG17725 1 1.15 
24122 CG8531 1.02 1.12 
110519 CG33523 1.01 1.12 
49830 CG12379 1.11 1.01 
44377 CG33523 0.99 1.11 
108863 CG3352 1 1.09 
32680 CG1640 1.11 0.96 
15425 CG10036 1.05 0.97 
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40726 CG8939 1 1.02 
9396 CG3352 1.02 0.99 
26645 CG42555 1.04 0.95 
11471 CG33517 0.9 1.07 
106766 CG6884 1 0.93 
32681 CG1640 0.89 0.99 
40110 CG17917 0.87 0.99 
49456 CG32971 0.87 0.94 
43148 CG5809 0.84 0.92 
41071 CG1130 0.82 0.89 
107463 CG18767 0.75 0.69 
27749 CG6884 lethal 
 
31148 CG6074 lethal 
 
38251 CG18767 lethal 
 
100048 CG32971 lethal 
 
101487 CG9772 lethal 
 
101997 CG12217 lethal 
 
102343 CG6074 lethal 
 
103787 CG10467 lethal 
 
104088 CG8531 lethal 
 
105201 CG1130 lethal 
 
105496 CG13389 lethal 
 
106120 CG4233 lethal 
 
110329 CG18572 lethal 
 
110334 CG8939 lethal 
 
  
All the rows that are highlighted are RNAi lines that will be retested.  
